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(g) Sodium benzoats as a nucleating agent f6r monoaxlally oriented polypropylene flon. 


@ This invention relates to polypropylene film, specifically to mono-axially oriented polypropylene film 
with sodium benzoate as a nucleating agent to reduce shrinlcage and increase strstchabBity. 
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SPEanCATION 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION : 


This Invention relates to polypropylene film, specifically to mono-axially oriented polypropylene film wBh 
sodhnn benzoate as a nucleating agent to reduce shrinkage and increase strelchabllity. 

DESCRIPTION OF THE PRIOR ART : 

Polypropylene copolymers and homopolyiners aie produced In numerous grad« and ft»™tetloi». 
Among reoistanding properties of pdyprepylene are low density, high melting 

*''*pSw^nefilm(u8ually 0.5to 1.0 mil In thickness) is made by tubular and casting film extrusion meth- 
ods. Two forms of polypropylene film are produced, oriented and unoriented. Unoriented film has geodtiana- 
paiency. tensile strength, machinabillty. electrical properties, high gloss, resistant to grease and oll. heal re- 
slstanoe and can be printed, coated and heat«eaied. ^. . ^ . „ ^ 

Orienting polypropylene film improves some of Its properties, particularly tensile «»"ng*. "t'^T* 
moisture- and gas-barrier properties, grease and oil resistance. low4emperature impact strength, abnslon 
resistance, optical properties and heat shrinkabillty. ,^ ^ . 

In a tape orienting process, amorphous orientatfon and destruction of crystal structure m cokWrawing 
lead to a thermodynamically unstable system whteh. given some time, tend toward some equlllbmim. Given 
the oDportunlty. the strained molecular segments in this unstable system will try to rearrange themseh^stti 
a state of lowest potential energy. The process resulte in tape shrinkage and. consequently, tape dimension 

The use of inorganfc fillers to improve the mechanical properties of polyolefin films Is known. Using very 
small amounte (below 0.5wt%) a signif kant improvement in transparency Is attained. This Improvement to at- 
tributed to the formatton of smaller, more numerous spherulites as the polymer solidifies from tte 
Accompanying this change in morphology Is a marked increase In crystelltatton rate and a higher crysteHI- 
zatton temperature. In addition to the improved optkal properties, nudeatton resulte In bettor processing char- 
acteristics and improved strength. . ^ U.4 

Certain InorganicfiBersand organic compounds serve as nucleating agent8forpolyethytene.polyethytene 

terephthalate (PET), polyamides. polypropylene sndpolybutylene. ».„w-««« 

Addition of these nucleating agents to olefin polymers provides an Increase in the crystalllzatton temper- 
ature and/or an Improvement in the optteal properties of the polymer. The use of nucleating "Sents can allow 
a shorter cyde time and better productivity. However, the use of certain nudeating agento may be limited by 
costs processing problems or acceptability In medical or food applkations. 

Nudeating agents aUow the pdymer to be aystelllzed at a higher temperature during processli^g^m- 
Dies of nudeating agente are aromatte cartxwylte adds and their metal salts, such as sodium benzoate. alu- 
minum p-tert-butyl benzoate, and aluminum benzoate; metal organophosphates such as dK^-tort-butyphoriyJ 
phosphate: benzylidene sort)itol compounds; talc, polyvinyl cydohexane; and organic dicarboxyllc adds aucn 
as oxalic add. 1.2-cyctohexanedicart)oxylte add. phathalte add and malonic add. ^ ^ 

TTie size of polymer spherulites can be adjusted by incorporating nudeating agents. The use of nudeating 

agents favors smaller spherultte sizes. o„.o„t Anniu^nftfttM/iflaa 

As noted above, sodium benzoate is a known nudeating agent Japanese Patent Applhaton 8(J329n8B3 
disdoses a spedf ic method of dispersing sodium benzoate as a nudeating agent In pdypropylene to improve 
transparency. However, as disdosed In U.S. Patent Nos. 5.135.975 and 5,112,894. sodhim benzoate tea higher 
melting nudeating agent that has disperston problems. . ,u • 

solium benzoate has been disdosed in U.S. Patent 5.11 8.566 as a nudeating agent in a biaxialiyonented 
film with high mechanical strength. „ ^ ™ 

in the arttole "Making l\4icrocellular Foams from Crystalline Polymers" by Jonathan S. Cdton m Plf^ 
Engineerino, Vd. 44. No. 8. page 53 (1988). it was disdosed that small amounts of sodium benzoate in poly- 
oropyiene enhanced nudeatton by provWing a large enough number of sites with appropriate surlice erwrfflr 
oo(»d«ion8 and by redudng the overall surface tenston of the polymer. This arttole recommends an amount of 
nudeating agent near its sdubility limit, typically 1% by weight (ibW., page 55). . ^ 

NudMtlng agente are typtoally used to stiffen pdymer film. While film of ftormulationa using nudeating 
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agents such as sodium benzoate may show an Increase in the nnxJulus of elasticily oveir that for unnudeated 
film, such formulations, as disclosed In U.S. Patent No. 5,118,566. do not result In an decrease in shrlnlcaga. 
In fact, as demonstrated by the data In U.S. Patent No. 5,118,566, an Increase In shrinkage may result 

It would be advantageous to use an additive in uni- or nrwno- axlally oriented film which would reduce 
shrinkage. Low shrinkage is a highly desirable property for such applfcatlons as woven febrics. It would be 
preferable If the additive is known to be acceptable as a component f6r food or medk»i applicationa 

SUMiW^RY OF THE iNVENTION 

Accordingly, this Invention provides a un^ or mono-axially oriented polypropylene film with sodium ben- 
zoate as an additive to reduce shrinkage and a process for producing this film. 
This and other objects are accomplished by a mono-axlally oriented polypropylene film comprising: 

1) polypropylene, 

2) sodium benzoate, 

wherein the sodium benzoate ranges up to 1000 ppm. 

BRIEF DESCFUPTION OF THE DRAWINGS 

A more complete appreciation of the Invention and many of the attendant advantages thereof will be readily 
understood by reference to the following detailed descriptton when consWered in oonnectton wWi the accom- 
panying drawings wherein: 

Figure 1 shows percent shrinkage in relatton to sodium benzoate concentration. 

Figure 2 shows the values of tenacity at break at various draw ratios. 

Figure 3 shows the per cent crystallinity related to the concentratton of sodium benzoate. 

DETAILED DESCRIPTION OF THE INVENTION 

The polypropylene of the present Invention Is a commercially available crystalline polypropylene. Crystal- 
line polypropylene exists in two basic structures : Isotectic and syndtotectkx 

The Isotectic structure is typically described as having the methyl groups attached to the tertiary carbon 
atoms of successive monomeric units on the same skie of a hypothetical plane through the nain chain of the 
polymer, i.e., the methyl groups are all above or ail below the plane. Using the Fischer projectkm forimda, the 
stereochemical sequence of isotectic polypropylene is described as fbliows: 


' I ' I I I l_ 

Another way of describing the structure is through the use of Ni^R spectroscopy. Bove/s NMR nonrten- 
dature for an Iscrtactic pentad is ...mmmm... with each W representing a ''meso" dyad or successive methyl 
groups on the same side In the plane. As known In the art, any deviatfon or inverston in the structure of the 
chain lowers the degree of isotecttelty and crystelllnlty of the polymer. 

In contrast to the isotectto structure, syndiotectic polymers are those In which the methyl groups attached 
to the tertiary carbon atoms of successive monomeric units In the chain lie on alternate sides of the plane of 
the polymer. Using the Fischer projection formula, the structure of a syndiotectic pdynner is designated as: 


^ I ^ I ' I ' I 

In NMR nomenclature, this pented is described as ...rrrr... in whteh each V represents a 'Yacemkf dyad, 
l.e., successive methyl group on alternate sides of the plane. 

The percentage of r dyads In the chain determines the degree of syndiotecticity of the polymer. Syndio- 
tectic polymers are crystalline and, like the Isotectte pdymere, are insdubte In xytone. 

This crystallinity distinguishes both syndiotectic and Isotectic polymers from amorphous or atectte poiymar 
which Is soluble in xylene. Atactic polymer exhibits no regular order of repeating unit configurations In the poly- 
mer chain and forms essentially a waxy product 

While it is possible to produce all three types of polymer, it is desirable to produce predominantly isotactte 
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or syndiotactic polymer wrth very little atactic polymer. THe polypropylene polymer of the present invention is 
Isotactic polypropylene. The polypropylene component of the present Invention comprises an isotactic pdy- 
propylene having an isotactlclty exceeding 97% as determined Ci»-NMR spectroscopy. 

The film of the present invention is prepared in single stage draw process. In this process the polypropylana 

is piastifiedandcompressedinaextruder. The melt Is then extruded throughaflatsheetdie and waterquench- 
ed. The polypropylene sheet so produced is thereafter uni- or mono-axially drawn, i.e.. iongitudinafly wfth re- 
spect to the direction of extrusion at temperatures l>elow the melting point of the polypropylene used the draw 
ratio in the longitudinal direction being at least about 4:1. The film may have any predetermined Ihldawss- 
however. thicknesses of about 0.S mil to 5.0 mil and preferably 1.0 mil to 3.0 mil are partictdarly useful In th^ 
Intended field of the present bwantion. k- ««»iyi«wuiinine 

The sodium benzoate of the present imrentlon has a purity of 99% and particle size of from alxxit 1 0 mi- 
croro to about 3.0 microns. 

The particle size analysis Indicates the following distiltwtlon: 


Range (microns) 

0-1.0 

21.51% 

1-2.0 

15.0% 

2.0-3.0 

1.08% 

3.0-4.0 

0.65% 


The invention having been generally described, the following examples are gWen as particular embodi- 
2s ments of the invention and to demonstrate the practice and advantages thereof. It is understood that the ex- 
amples are given by way of Illustration and are not intended to limit the specification or the daims to foliow 
In any I 
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PROCEDURE FOR COMPOUNDING POLYPROPYi^NE FORi\/IULATIOlSiS 
The foDowing table descn*bes the base formulation: 


Base formulation 

Parts by weight 

Polypropylene homopolymer powder 
Primary anti-oxidant 
Secondary anti-oxidant 

100 

0.001 

0.0005 


The powder and theadditives were blended in a high intensity mbcer at low speed for 0.5 minutes and 1 5 
minutos at high speed. The mixture was then nwit blended and palletized using an extruder. 
PftOCEDUf^E FOR MAKING MONO-AXIAaY ORIENTED FILM 

Polypropylene pellets are melted in a 2-1/2-. 30:1 L/De^^^^ 
die and formed a thin film. As the molten product flows from the die. It passes through a water quench baA 
where it e solidified into a uniform gage film. 

The film is then passed through a slitter bar where razor blades slit the film into predetermined widtha 
The split tapes continue to pass through a convection oven, which heats the polymer dosed to the melting 
point and allows the tapes to be stretehed. The stretch ratio is typically between 5:1 and 7:1 

To reduce tape shrinlcage. the stretched tapes are heated, annealed and relaxed. Each of the taoea is 
wound on a separated winder system. 

COMPARATIVE EXAMPI^ 


EXAMPLE 1 


The above procedures Ibr compounding a poiypropyiene formulation and for maidng a mom^axidly ori- 
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ented film were followed. The results are shown In Table I below. 
EXAMPLE 2 

The procedure for Example 1 was followed except 0.015 wl% of sodium benzoate was added. The results 
are shown in Table I below. 

EXAMPLES 

The procedure for Example 1 was followed except 0.025 wt% of sodium benzoate was added. The results 
are shown In Table I below. 

EXAMPLE4 

The procedure for Example 1 was foflowed except 0.050 wt% of sodium benzoate was added. The reeuKa 
are shown in Table I below. 

EXAMPLES 

The above procedures for compounding a polypropylene formulation and for making a nwno-axlally ori- 
ented film were followed except a secondary antl-oxidant was substituted in the formulatton. The results are 
shown in Table I below. 

EXAMPLE 6 

The procedure for Example 5 was foflowed except 0.015 wt% of sodium benzoate was added. The results 
are shown in Table I below. 

EXAMPLE? 

The procedure for Example 5 was followed except 0.025 wt% of sodium benzoate was added. The results 
are shown in Table I below. 
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As shown in Table I, addition of sodium benzoate to mono- axially oriented polypropylene film results in 
an improvement In tape drawabllity. 

The number of tape breaks significantly deaeased in those samples having sodium benzoate as a nucleating 
agent 

Figure 1 shows per cent shrinkage decreases as the sodium benzoate concentration increases. Figure 2 
illustrates the values of tenacity at break at various draw ratios. Figure 3 shows that the per cent crystallinity 
increases as the concentration of sodium benzoate increases. 

The concentration of sodium benzoate seem to be optimum at 0.025 wt% (250 ppm). The shrinkage de- 
creases as the sodium benzoate ooncentratton Increases. But the formulation with 0.050 wt% sodium benzoate 
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exhibited a plateout probleia 

Obviously, numerous modifications and variations of the present Invention are possll)le in i^ht of the 
above teachings. It therefore to be understood that within the scope of the appended claims, the Invention 
may be practiced otherwse than as specifically described herein. 


Cl@iiin& 

1. A mono-axially oriented polypropylene film comprising: 

1) pdypropylens, 

2) sodium benzoata, 

wherein the sodbim benzoata ranges up to 1000 ppm. 

S. A polypropylene film as redted In Claim 1 wherein the polypropylene has an isotactidty exceeding 07% 
as determined by C^^NMR spectroscopy. 

3. A polypropylene film as redted in Claim 1 wherem the film has a thicknesses of about 0.5 mil to 5.0 nril. 

4. A polypropylene film as recited In aalm 1 wherein the film has a thicknesses of about 1.0 mil to 3.0 mil . 

5. A polypropylene film as redted in Claim 1 wherein the sodium benzdate has a purity of 98%. 

8. A polypropylene film as redted in Claim 1 wherein the sodium benzoato has a partide size of from about 
1 mkxon to about 3 microns. 

7. A process for making a mono-axially oriented polypropylene film comprising: 

1) blending sodium benzoate at a level up to 10(X) ppm Into pdypropyiene; 

2) piasticating the polypropylene-sodium benzoate mix in an extruder; 

3) extruding the pdypropylene-sodlum benzoate mix through a fiat sheet die to produce a polypropy- 
lene ahest; 

4) contecting the polypropylene sheet with a coding cylinder or a water quenched bath; 

5) drawing the pdypropyiene sheet longitudinally with respect to the directbn of extrusion at a tem- 
perature below the melting point of the polypropylene and at a draw ratto in the tongitudhal dlnectton 
of at least about 4:1. 

8. A process as redted in Claim 7 wherein the polypropylene has an isotecticity exceeding 97% as deti^- 
mined by C^^NMR spectroscopy. 

9. A process as recited in Claim 7 wherein the film has a thicknesses of about 0.S mil to 5.0 mil. 
16. A process as recited in Claim 7 wherein the film has a thicknesses of about 1.0 mil to 3.0 mil. 

11. A process as redted in Claim 7 wherein the sodium benzoate has a purity of 99%. 

12. A process as recited bi Claim 7 wherein the sodum benzoate has a particle size offrom about 1.0 mksm 
to about 3 microns. 
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FIG. I 
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FIG. 2 
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FIG. 
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